Background: The hazard function is defined as time-dependent. However, it is an overlooked area of research about the estimation of hazard function within the frame of time. The possible explanation could be carried by estimating function through the changes of time points. It is expected that it will provide us the overall idea of survival trend. This work is dedicated to propose a method to work with piecewise hazard rate. It is a data-driven method and provides us the estimates of hazard function with different time points. Methods: The proposed method is explored with prostate cancer patients, registered in the Surveillance, Epidemiology, and End Results Program and having aged at diagnosis with range 40-80 years and above. A total of 610,814 patients are included in this study. The piecewise hazard rate is formulated to serve the objective. The measurement of piecewise hazard rate is compared with Wald-type test statistics, and corresponding R function is provided. The duration of follow-ups is split into different intervals to obtain the piecewise hazard rate estimates.
the general population for an older prostate cancer patient in the presence of different comorbidities. Simultaneously, the younger prostate cancer patient may be free from different comorbidities, but covering their life toward average life expectancy is another challenge due to the long gap of years between their age and life expectancy in the general population. In this circumstance, we preferred to use piecewise hazard to capture the magnitude of mortality risk in different age groups due to prostate cancer. Hence, the objective of this study is to estimate the hazard functions that are changing with time. While searching with work on piecewise hazard function, it has been observed that the single change-point analysis with hazard function [4, 5] and multiple change-point analysis are attempted. [6] We adopted the data-driven approach for detecting the number of change points with piecewise hazard function. The results were further compared with likelihood ratio test [7] with piecewise hazard estimates. [5] [6] [7] [8] [9] [10] 
Piecewise Hazard Function
The idea to compare treatment effect by cumulative risk of event is useful to quantify the ultimate treatment benefit. [11, 12] In our motivating context, the theoretical quantities of interest are the survival benefit in a specific time intervals and identify the necessary steps to modify the treatment management strategy. The piecewise constant hazard function is defined [13] as follows: 
Introduction
There have been significantly more deaths due to prostate cancer among patients with the age group of 62-76 years in comparison to age <61 years. [1] It sparked us to dig a better estimate about the influence of age on prostate cancer deaths. We are interested to get estimates of hazard function those are changing with time point. Three important parameters, that is, duration of survival, reasons for death, and age of patients are required for estimates of hazard function. Since we are trying to establish hazard function with reference to different ages in years, it is also an important to initiate the work with a high amount of sample size data. The age-wise classification of data created several strata with small sample size. Unless our cohort data are not large enough in size, it is difficult to establish the robust statistical inference with hazard functions for different ages in years. A relatively large sample size data on prostate cancer were obtained from the Surveillance, Epidemiology, and End Results (SEER) Program (www.seer. cancer.gov) Public-Use Data , National Cancer Institute.
It is true that prostate cancer is a deadly disease. However, prostate cancer is observed with prolonged survival. There are always possibilities that the patients may be exposed due to other causes of death. The management to prolong the duration of survival is always interest in any clinical practice. However, the challenge to prolonging the survival for the younger patient is not same for older patients. For instance, the effort to prolonging the survival of a 40-year-old patient to 41 years is not same for the 60-year-old patient to his 61 years. [2, 3] The reason is the presence of different life expectancy in different age groups. It is obvious that older patients will be diagnosed with prostate cancer with several comorbidities. It becomes difficult to cover the minimum label of life expectancy in
The cumulative hazard is obtained as follows:
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Piecewise Hazard with Multiple Testing Problem
The terms X 1 ,… X n denote independent identically distributed survival times and C 1 ,… C n be the censoring times which are assumed to be independently of X. We only observe the pairs. τ .
We propose a maximum likelihood estimates to estimate the unknown parameters. Based on Equation (1), the log-likelihood function is formulated as follows:
Where ( )
is the number of death observed up to time t with $\tau_{j}, j = 1., k$ fixed, some algebra yields that the maximizes of , 1, 1 j j k τ = … + are given by:
Substituting these values into log L gives the profile likelihood for $\tau_{j}$'s, which can be expressed as:
We then maximize ( ) In this work, it is assumed with age. It is explored that 1 j τ and 2 j τ are independent in nature. [7] The Wald-type test statistics is as follows: In this data set, there are other subsites of prostate cancer such as "Prepuce," "Glans penis," "Body of penis," "Overlapping lesion of penis," "Penis, NOS," "Prostate gland," "Undescended testis," "Descended testis," "Testis, NOS," "Epididymis," "Spermatic cord," "Scrotum, NOS," "Other specified parts of male genital organs," "Overlapping lesion of male genital organs," and "Male genital organs, NOS" are excluded from this analysis to maintain the level of consistency as much as possible.
Results
A total of 610,814 patients are included in this study. , where k = 1 to 11. However, to avoid the multiple testing problems, the hypothesis tests are performed with k > k − 1 and k = 1 to 11. The upper limit of k is defined 39 (i.e., 39 months) because the maximum duration of follow-up with death occurrences in this data set is observed with 468 months, that is, 39 years. Therefore, a total of 38 survival intervals are generated with 12-month window from the observed duration of survival. The outcomes with piecewise hazard estimates and 95% lower control limit (LCL) and upper control limit (UCL) are presented with Figure 2 . The numerical outputs are presented in Table 2 . There are four different grades. The piecewise hazard estimates adjusted with different grades are presented in Table 3 . The results show that no significant changes in piecewise hazard estimates are observed between different ages at prostate cancer diagnosis. It shows that the initial duration of follow-up of the hazard rates is almost equal in the entire interval and not significantly different in any age at diagnosis.
However, few significant changes observed intervals in 25 (25) and to 39 (39) onward. However, in most of these cases, this interval is not observed significantly different with upper and lower confidence intervals. Hence, our null hypothesis not rejected.
In the final step, we performed the age-adjusted piecewise hazard estimates to test the real impact of age at diagnosis on hazard rate in prolonged survival of prostate cancer. Patients' age at diagnosis 40 years and above are considered in this step. However, patients' age at diagnosis 80 years and above are classified into the same category. The maximum age at diagnosis is observed with 107 years. In this step, the duration of survival is split into a maximum of 11 different intervals by k τ , where Reason to prepare less number of intervals in comparison to earlier step is because of the presence of less number of patients in different survival durations with age-adjusted data. In addition to that, we observed that in some survival intervals, the estimates are failed to generate due to limited number of cases. However, those are observed for prolonged survival intervals not for initial intervals. The problem is overcome by extending the duration of survival interval with longer window. For example, if we failed to generate piecewise hazard estimate for interval between 280 and 300 months, then interval is extended up to 280 and 320 months and piecewise hazard is generated thereafter. If we still failed to generate the estimate, then it further extending into 280-340 months. A total of 10 intervals are generated. The corresponding estimates of piecewise hazard estimates are provided through Figure 3 . The similar hypothesis is assumed with The outcomes with hazard rate and 95% LCL and UCL are presented with Figure 3 . The numerical outputs are presented in Tables 4 and 5 . The graphical representations are provided in Figure 3 . Figure 3 provides that in the initial duration of follow-up, the hazard rates are higher in older age patients. While we shifted the duration of survival from 20 to 40 months and thereafter 40-60 months, it shows that the hazard rate in older age patients was started to decline. However, the hazard rate for younger age patients steadily inclined through increases of duration of survival. However, at the end of duration (321,340) [15] 0.29 (0.04,2.38
Contd... of survival, the hazard rate in younger and old patients is maintained with similar hazard rate. It can be concluded that prostate cancer is more fatal in older age group patients after diagnosis. However, in longer duration, it becomes more fatal in the younger patient as compared to older.
Discussion
There are very limited applications observed with piecewise proportional hazard model. The application of piecewise proportional hazard is observed to determine the hormone therapeutic effect in women's health. [14] It is also used to compare the infant and early childhood mortality rates. [15] The risk of home hemodialysis utilization in Canada and their corresponding risks are compared through piecewise proportional hazard function. [16] It is always better to start with conventional hazard rate, due to the conditional in nature, and easy to handle with time-dependent treatment. [17, 18] However, it is not suitable with multiple timescales. [19] The piecewise Poisson model is found suitable to work with multiple timescales to evaluate the impact of event by likelihood ratio test. [9] In this work, we also used the likelihood ratio results through Wald-type test statistics.
The estimates of hazard function are feasible to use to develop prediction score as well. It will provide us another dimension about the establishment of therapeutic effect. It may be important toward health policy decision. With an enhanced understanding of the hazard function estimation with time point, we can improve the estimation procedure.
By analyzing the change of hazard for different age groups from SEER data, we can establish the different phases in mortality risk in prostate cancer patients. We identified that age more than 40 years is highly affected by prostate cancer death. The death due to prostate cancer becomes influential after 40 years and above.
The duration of follow-up in prostate cancer patients is relatively large. However, interpretation about causes of death among prostate cancer patients is relatively difficult in comparison to other types of cancer. Since during the prolonged follow-up period, patients could be exposed with several other causes and other causes may jointly and separately be able to decline the duration of survival. It is assumed that patients will be exposed more number of causes to penetrate their death as long they survived. In this situation, the age of the patients as separate factor is considered in this study. The time-varying effects and biologically plausible interactions are also required to be considered. In such a way, the model could be complex and piecewise hazard function could be appropriate tools.
One recent study on SEER confirmed that the prostate cancer patients with conservatively managed, localized, and well-to-moderately differentiated prostate cancer observed with 8%-9% incidence of mortality between 10 years from the date of diagnosis. [20] It is also concluded that majority of prostate cancer cases die due to other causes. The other cause like lifestyle is required to be modified. [21] Financial support and sponsorship Nil.
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